Objectives: Occupational voice users report higher instances of vocal health problems. Women, who are more likely than men to report voice problems, are the largest members of some occupational voice users, such as teachers. While a common complaint among this population is vocal fatigue, it has been difficult to quantify. Therefore, the goal of this study is to quantify vocal fatigue generally in school teachers and investigate any related gender differences. Methods: Six hundred forty (518 female, 122 male) teachers were surveyed using an online questionnaire consisting in part of the Vocal Fatigue Index (VFI), an index specifically designed to quantify vocal fatigue. Results: Compared to vocally healthy adults, the teachers surveyed were 3 times as likely to report vocal tiredness or vocal avoidance and over 3 times as likely to report physical voice discomfort. Additionally, female teachers were more likely to have scores approaching those with dysphonia. Conclusions: The VFI quantified elevated levels of vocal fatigue in teachers, with a significant prevalence of symptoms reported among females compared to males. Further, because the VFI indicated elevated complaints (between normal and dysphonic) in a population likely to be elevated, the VFI might be used to identify early indications of voice problems and/ or track recovery.
Introduction
Occupational voice users (ie, those whose professional performance depends on vocal quality, health, or endurance) make up a significant part of the patient load at voice clinics, 1 often presenting with vocal disorders such as nodules or acute laryngeal injuries (eg, submucosal hemorrhages, phonotrauma). [2] [3] [4] Laryngeal injuries can lead to missed workdays or performances, lost revenue, significant rehabilitation periods, and the need to change professions or retire early. 1, 5, 6 Nevertheless, often these voice problems are reversible when treated promptly and effectively. 7 Often a large portion of occupational voice users report early vocal complaints (eg, laryngeal discomfort, increased or elevated vocal/respiratory effort, or poor vocal quality) that have been traditionally grouped under the general term vocal fatigue. 8 If ignored or untreated, vocal fatigue complaints may go away on their own but may also eventually lead to the more significant health problems mentioned previously. Some risk factors that correspond with such complaints include room acoustics, 9 environmental conditions (eg, airborne particulates, irritants), 10 extent of vocal loading, 11 and recovery period. 12 Gender also appears to be a factor, with females reporting higher rates of vocal disorders than males, 13, 14 as discussed in a review of the literature. 15 These higher rates may stem from gender differences related to both laryngeal 16 and non-laryngeal physiology 17 as well as the effects of hormones, 18 behavior, 19 stress/anxiety, 20 and personality. 21 Unfortunately, vocal fatigue has been a challenge to consistently identify, diagnose, and definitively quantify. One reason is that current standardized assessment tools, such as the Voice Handicap Index (VHI) and the voice-related quality of life (V-RQOL), were not designed to be sensitive to vocal fatigue. 22, 23 standardized tool with the aim of differentiating between those individuals suffering from vocal fatigue and those without. The VFI quantifies symptoms related to 3 likely factors of vocal fatigue: (1) perception of an effortful voice and/or tendency to avoid using his or her voice (performance), (2) physical discomfort when using the voice (pain), and (3) decrease of symptoms after the individual rests his or her voice (recovery). The VFI was verified on 175 patients presenting with dysphonia at vocal health clinics and 70 healthy controls. The results suggested that vocal fatigue is an underlying symptom of many vocal health conditions and demonstrated that the VFI may be effectively used to identify individuals with vocal fatigue. Nevertheless, the VFI has not been tested specifically on occupational voice users, the population of speakers whose vocal load puts them at high risk for vocal fatigue and other more severe issues. Additionally, while women are at greater risk for voice problems, gender differences in the VFI have not yet been explored. The current study uses school teachers, a population of occupational voice users that is predominantly female, to answer the following research question: To what extent will the VFI identify elevated levels of vocal fatigue in teachers generally and female teachers specifically? It is hypothesized that teachers will present with VFI scores indicative of more severe vocal fatigue than healthy controls. Additionally, it is hypothesized that per previous research, the VFI will indicate more severe vocal fatigue in female teachers than male teachers.
Methods

Survey
This study was conducted in accordance with policies of Michigan State University's Human Research Protection Program (determined exempt). 25 Data were collected through an electronically presented survey (Qualtrics Survey Software, https://www.qualtrics.com/), which was composed of the 19-question VFI along with additional questions that will be explored in future studies. In the original VFI, Factors 1 and 2 (performance and pain) statements were written such that higher scores reflected a greater severity of issues (eg, "It feels like work to use my voice"), while items in Factor 3 (recovery) were worded so that lower scores reflected a greater severity. In the current study design, all 3 factors had comparable directions for scores (eg, more severe symptom reporting resulted in larger scores). Factors 1 and 2 were left unchanged, but questions in Factor 3 were modified so that higher scores would also reflect a greater severity of issues. Therefore, while our Factor 3 statements elicited the same information from mostly the same wording, they may not be directly comparable to the inverse of Factor 3 scores from Nanjundeswaran et al. 24 The survey was distributed directly to several thousand teachers (K-12) in school districts throughout the United States, primarily in Michigan, Utah, Tennessee, Alabama, Florida, Georgia, New Hampshire, and South Carolina. These states were chosen for convenience because of collaborators who could assist with reaching out to teachers and administrators in local school districts, but teachers outside of these states were given the opportunity to respond to the survey. After completing the survey, teachers were given the opportunity to forward a link to the survey to other teachers, and links to the survey were also made available on educational listservs. To facilitate the identification of unreliable participants, survey responses were excluded from analysis for the following reasons: (1) begun but not completed; (2) completed in a very short timeframe, suggesting invalid data; and (3) incorrect response to a question that asked the participant to choose a specific answer from a list of options.
Participants
Overall, 640 respondents (518 female, 122 male) were included in the analysis (per the exclusion criteria discussed previously). The gender distribution of respondents was similar to the national average in which 76% of school teachers are female. 26 The average age of the respondents was 43.5 years, SD = 12.2 years (average for females = 43.0 years, SD = 12.2; average for males = 48.4 years, SD = 11.5).
Analysis
Statistical analysis (using Excel and SPSS 21) was conducted on the 640 study population data with complete information on all variables. The dependent variables were the 3 factors from the VFI: (1) voice avoidance and tiredness of voice (performance), (2) physical discomfort when using the voice (pain), and (3) decrease of symptoms after vocal rest (recovery). For this study, the dependent variables (results of the 3 factors) were assumed to be continuous variables based on 2 reasons: (1) The scores of the 3 VFI factors may be between 0 to 55, 0 to 25, and 0 to 15, respectively, and (2) the sample size of the present study was larger than 200. 27 The Shapiro-Wilk test was used to evaluate whether variables were normally distributed. With these assumptions, descriptive statistics were used to quantify the scores for the 3 VFI factors, and linear regression analysis was conducted to investigate the association between age and gender with the 3 scores. The magnitude of the association was expressed by the beta (β) and its standard error (SE).
Results
Full descriptive statistics from the teacher respondents were presented in Table 1 . Overall, female teachers responded with higher values (indicating more pronounced symptoms) for all 3 factors (performance, pain, and recovery), with similar standard deviations for both genders; this was reflected also in the median and interquartile range (IRQ). The averages for Factors 1, 2, and 3 (combined male and female, not listed in the table) were 16.4 (SD = 8.2), 5.9 (SD = 4.2), and 1.8 (SD = 2.0), respectively. The skewness of the factors indicates that the distributions were between fairly symmetrical (between −0.5 and 0.5) for the female teachers and moderately skewed (between 0.5 and 1.0) for the male teachers (excluding Factor 3, recovery). The primary reason for the skewness value was that several of the participants responded with no reported symptoms (zero values), creating a large number of zero responses without distributed tails as would be seen in a normal distribution. The kurtosis (eg, combined weight of tails relative to the rest of the distribution) was less than 0 for all but the males' Factor 3 responses, indicating light tails of the distribution for Factors 1 (performance) and 2 (pain), with kurtosis greater than 0 indicating a heavy tailed distribution. 28 The last row in Table 1 lists the coefficient of determination (r 2 ), which is nearly zero for all factors when compared to participant age, indicating that there is essentially no fit between participant age and the 3 VFI factors.
Using the univariate analysis to compare each VFI factor individually with age, only Factor 2 had any significant relationship (P < .05). However, this association did not remain significant after adjustment (multivariate analysis). In the univariate analysis, there was a significant difference between female and male teachers for Factors 1 and 2 ( Table 2) . Factor 3 was approaching significance for the univariate case. Multivariate analysis demonstrated that after adjustment for age, female teachers still scored higher than males on Factors 1 and 2 (β = 2.44 and 1.40, respectively). The magnitude of these differences was 2.4 to 2.5 for Factor 1 and 1.4 to 1.5 for Factor 2.
Discussion
Overall, the teachers in the current study had VFI scores indicating elevated levels of vocal fatigue in comparison with the healthy control group from Nanjundeswaran et al 24 ( Table 3 ). The teachers were 3 times as likely to report tiredness and voice avoidance symptoms (Factor 1) and more than 3 times as likely to report physical discomfort symptoms in the voice (Factor 2), while patients with dysphonia from Nanjundeswaran et al 24 reported nearly 5 times higher scores for both of these scores. Thus, while teachers had higher prominent vocal fatigue indicators than the vocally healthy individuals, these indicators were still lower than that of the dysphonic population. This difference may suggest that the VFI is capable of indicating elevated fatigue indicators, thereby identifying potentially at-risk individuals at an earlier stage. Therefore, it may be useful for health care professionals in identifying symptoms before they have progressed to a significant, more costly (financially as well as physically) vocal injury. Finally, the standard deviations of the teacher scores for these 3 factors were also between the normal and the dysphonic individuals. The score with Factor 3 was not compared due to the change in question structure.
The results from the teachers surveyed in this study suggest gender differences for vocal fatigue indicators associated with Factor 1 (perception of effortful voice and/or voice avoidance). Underlying responses to Factor 1 could be social awareness and awareness of effort. In a pair of studies 9, 29 examining the changes in voice production due to vocalization style (soft, comfortable, loud) and different acoustic environments, female subjects adjusted their voices more dynamically (eg, intensity, F0) to the conditions. Further, when participants were asked to rate their vocal effort in the different conditions, female subjects reported a wider and higher range of values on the vocal effort response scale than males. Therefore, gender differences in Factor 1 scores could stem from not only female teachers using their voice in more dynamic (effortful) ways than males (thus higher vocal fatigue) as well as possibly having greater awareness of their vocal effort levels.
Indicators for Factor 2 (physical discomfort when using the voice) also showed a gender difference, with female teachers scoring about 1.3 times higher than male teachers and nearly as high as those for the dysphonic individuals in Nanjundeswaran et al. 24 This gender difference is in line with findings of Smith et al, 14 who reported that female teachers were about 1.6 times more likely to report symptoms of physical discomfort than males. This difference could simply stem from the fact that female teachers use their voices more than male teachers. For example, in a study of teachers' voice use over several weeks of observation, 19 female teachers vocalized 10% more than males at work and 7% more outside of work. Further analysis of the same teachers showed that female teachers were more likely than their male counterparts to adjust their voice use due to situational need. 30 Higher vocal load would indicate more extensive vocal damage and thus more physical discomfort. However, Factor 2 could also be sensitive to differences in how discomfort presents in males and females. For example, previous studies [31] [32] [33] suggest that women may generally report painful stimuli as more painful than men, with men appearing to have a greater pain threshold (ie, the point at which a person becomes aware of pain) and tolerance for pain. Thus, it is possible that some of the elevated Factor 2 scores among females are due to a potentially heightened awareness of discomfort. However, this difference in pain recognition cannot be the only explanation or male teachers would have a greater incidence of voice disorders because they would not notice the signals that damage is being done before real damage was done.
Factor 3 (recovery) showed only trending differences. While previous literature suggests that there may be a difference in wound healing between the genders, 34 future studies are necessary to explore gender-based differences in recovery. However, it is possible that this trending difference in vocal recovery could be affected by underlying gender-based physiological differences of the laryngeal system generally and vocal folds specifically. For example, women have less hyaluronic acid in the superficial layer, 35 which may predispose females to increased vocal fold injury and increased scarring. 36, 37 The underlying reasons for the gender differences in the teachers' VFI scores is likely multifaceted, 15 which is evident in the aforementioned discussion. In reality, it is possible that some of these differences may relate to gender-based differences in how men and women respond to surveys regarding life experiences. In a 30-year study conducted by Wilhelm et al, 38 there were no gender differences in the number and type of significant life events reported, but there was a significant difference in how these events were experienced between genders. Thus, how a person perceives or experiences a vocal problem would likely affect the outcome of the VFI or any survey-based tool used in voice.
As with any study and survey, the results are dependent on the responses of the participants. While an attempt was made to improve the reliability and quality of the data (eg, multiple regions of the country, survey techniques to exclude those not paying attention), it is possible that the teachers sampled were not a representative sample of US school teachers generally because the primary focus for recruitment was on 8 states (based on convenience in survey distribution avenues), which may not represent teachers in all states due to differences in such things as climate (eg, humidity level, temperature), social and economic status of students, and state funding levels. While such differences should be examined in future studies, the results of the current study are of interest given the number of responses.
Conclusion
The VFI has been previously used to effectively identify individuals presenting at a voice clinic with vocal fatigue.
The aim of the current study was to determine to what extent the VFI could effectively identify elevated levels of vocal fatigue symptoms in one population of occupational voice users (school teachers) and distinguish if there were gender differences in the VFI scoring. As hypothesized, the VFI appears to have the ability to quantify vocal fatigue. The current study found that a general population of school teachers were found to have vocal fatigue somewhere between healthy normal adults and those diagnosed with dysphonia. Additionally, the VFI was able to quantify the already known gender differences in vocal fatigue, a key indicator that this tool may be reflecting known prevalence of vocal fatigue issues in the target population.
Previous work has suggested the need for a method to identify vocal fatigue within occupational voice users. Such a tool could be useful to voice users and clinicians. For example, early intervention is key to preventing serious voice disorders. Thus, for occupational voice users who experience an elevated risk for vocal issues, the VFI could indicate early signs of vocal health issues before conditions like dysphonia are present and help them recognize the need to seek professional help from a laryngologist or speechlanguage pathologist. Clinically, the VFI may be a useful complement to objective measures to justify treatment of pathological voices where fatigue is a component. Further, the VFI may also be useful after therapy or other medical intervention to track improvement, a needed metric in evidence-based medicine.
